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Summary. The flow of total (P T ) and lipid (Pp d phosphorus was measured in adult sheep fed meadow hay and fitted with Ivan-Johnston reentrant cannulas in the duodenum (just posterior to the entry of the common bile and pancreatic duct) and in the terminal ileum.
The pattern of plasma, duodenal and ileal P T and P PL specific radioactivity was also studied.
The considerable total and lipid P secretion observed between the mouth and the duodenal cannula could be accounted for by salivary and biliary secretions, respectively. This secretion was followed by high absorption in the small intestine and less in the large intestine.
A comparison of P specific radioactivities showed that the selective P PL reabsorption occurring in the small intestine could be due to the existence of an entero-hepatic cycle of biliary phospholipids.
Introduction.
Ruminant utilization of minerals can be studied by a wide range of methods. When phosphorus (P) is investigated, these methods namely include regression and radioisotopic procedures for estimating endogenous loss and true availability, and in vitro and in vivo techniques for identifying gastrointestinal sites of mineral absorption and secretion. These techniques are often complementary.
Many workers have localized the gastrointestinal sites of P absorption and secretion by using non-absorbable markers in slaughter experiments with sheep (Poppi and Ternouth, 1979 ; Th6wis, Francois and Thielemans, 1978) . Others have measured the flow of P along the digestive tract of sheep fitted with intestinal cannulas (Bruce et al., 1966 ; Pfeffer, Thompson and Armstrong, 1970 ; Grace, Ulyatt and MacRae, 1974 ; Leibholz, 1974 ; Ben-Ghedalia et al., 1975) .
On the other hand, several scientists have measured true P absorption while estimating endogenous P faecal excretion by the isotopic dilution method (Kleiber et al., 1951 ; Gu6guen, 1962 ; Compere, 1966 ; Field, Munro and Suttle, 1977 ; Field et al., 1982 ; Braithwaite, 19811 . This method is based on the assumption that P secreted into the intestinal content has the same specific radioactivity as the P of the blood plasma.
In a slaughter experiment using 144 Ce as an unabsorbable marker, we observed considerable total and lipid P secretion in the duodenum of sheep, followed by absorption of the same order of magnitude in the jejunum and ileum (Thewis, Francois and Thielemans, 1978) . Moreover, the specific radioactivity of P in duodenal digesta was sometimes higher than that observed for plasma P (Francois, 1974) . If gastrointestinal P secretions have a higher specific radioactivity than observed for plasma, their magnitude and the efficiency of endogenous P absorption could affect the validity of results obtained by the isotopic dilution method.
In our previous paper, the amounts of P secreted in the duodenum were higher than those reported in the literature and therefore questionable ; moreover, slaughter experiments have several drawbacks (Miller, 1972) . In the present paper, the flow of total (P T ) and lipid (P PL ) P was measured in adult sheep fed meadow hay and fitted with Ivan-Johnston reentrant cannulas in the duodenum and the terminal ileum. The patterns of plasma, duodenal and ileal P T and P PL specific radioactivity were also investigated. Recovery of !!Ce in digesta and faeces and flow of intestinal contents through the cannulas. -The recovery of !!Ce in the digesta and faeces is shown in table 1 ; the mean daily recovery of the marker in the faeces largely exceeded 100 %. This might be due to the short collection period and/or to the occasional failure of the feeding system during the preexperimental period. Flow of total (P T ) and lipid !PP!J P along the digestive tract and net absorption and net secretion from and into various regions (table 2 ). -While virtually the same amounts of P T were excreted and ingested, the quantities of P T and P PL at the duodenal cannula were significantly higher (P < 0.01) than those in the diet and those leaving the ileum. This implies considerable net secretion of P T and P PL between the mouth and the junction of the common bile duct and duodenum, followed by net absorption from the small intestine. Although P T and P PL faecal values were lower than the amounts leaving the ileum, the differences were significant only for P PL , Specific radioactivity of plasma P (SRP TCA ) and total (SRP T ) and lipid (SRPP!I P at the duodenal and ileal cannulas. -In this experiment, duodenal and ileal collection was delayed by 2 h ; this roughly corresponded to the transit time of the digesta through the small intestine of the sheep. As (Ash, 1962) : (1) it does not involve transection of the intestine and (2) it provides representative samples of digesta without using a dual-phase marker. Moreover, it is easy to insert the cannulas, maintain the external part, and collect and reintroduce the digesta. Post-surgical recovery was rapid and the cannula was seldom blocked. Unfortunately, in our experiment, there was generally some leakage at the ileal cannula of the sheep about 3 months after surgery, and we could not keep the animals in good condition for more than 3 1 /2-4 months. Leakage appeared later at the duodenal cannula. At slaughter, we observed that the intestine had grown through the arterial prosthesis of woven dacron and was free of it. This was also reported by Poncet et al. (1982) .
In spite of the fact that we used a regular feeding design and administered 144 Ce uniformly, faecal marker recoveries higher than 100 % were observed (table 1). In previous experiments we had often noticed the irregular faecal excretion of the marker, especially when the animals were stressed or when the faeces were collected over a too-short period of 3 or 4 days. Generally, 100 % recovery was only achieved over a 10-day period. Since in this experiment neither the marker nor its administration were responsible for the irregular secretion, we adjusted the flow for 100 % recovery of !'!Ce.
On the other hand, the duodenal flow ranged from 13 to 63 g DM/2 h, while the ileal flow varied from 26 to 57 g DM/3 h. When the amounts of digesta collected were pooled over longer periods (6 h at the duodenal site and 8 h at the ileal site), the flow was more regular and variations in marker concentration in the digesta were rather low (table 1) . Therefore, the flow of digesta could be calculated with good accuracy over 6 (duodenum) or 8 (ileum)-h periods (table 1). ).
As far as P movement across the gut wall is concerned, we observed considerable net secretion between the mouth and the duodenal cannula. This agrees with the results of Pfeffer et al. (1970) , Grace et al. (1974) , Ben-Ghedalia et al. (1975) , Th6wis et al. (1978) , Poppi and Ternouth (1979) and Ben-Ghedalia, Tagari and Geva (1982) . The Firsov, 1974) was not determined in this experiment.
The net absorption of P T in the small intestine reported in our experiment has also been mentioned by several other authors (Pfeffer et al., 1970 ; Ben-Ghedalia et al., 1975 Poppi and Ternouth, 1979 ; Grace et al., 1974 ; Th6wis et al., 1978) . Table 2 shows that P PL is largely absorbed in the small intestine. Unfortunately there is a lack of quantitative information on this subject in the literature. Lennox et al. (1968) reported the progressive disappearance of phospholipids through the intestine of sheep. Hydrolysed biliary phospholipids, together with bile salts, would help the micellar solubilization of fatty acids in sheep intestine and enhance the lipid absorption Harrison, 1969, 1974 ; Harrison and Leat, 1972 ; Lough and Smith, 1976 ).
In our experiment, the amounts of P T and P PL secreted in the proximal duodenum were not as high as observed in a previous experiment with slaughtered sheep (Th6wis et al., 1978) ; in the latter trial, they were probably due to excessive secretion of mineral and biliary organic P at slaughter or to the sloughing-off of the epithelium during emptying.
Selective intestinal absorption of biliary phospholipids is also confirmed by the decrease of SRP PL from the duodenal to the ileal content. All these observations would suggest the existence of an entero-hepatic cycle of biliary phospholipids in sheep intestine similar to that found by Boucrot (1972) in rats.
The fact that SRP PL at the duodenal site was sometimes higher than SRP TCA may be explained by the biliary secretion. Indeed, specific radioactivity in the bile of sheep slaughtered 13 days after labelling with 3z P was higher than the value found in the plasma TCA filtrate (3.47 vs 2.78, respectively) (Francois, 1974 
